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Abstract 
We propose a novel system of a dense wavelength division operation using the nonlinear micro ring resonators system that can 
be used to generate the broad output light spectra, whereas the significant increasing in channel capacity is obtained. A system 
consists of two micro and a nano ring resonators incorporating an add/drop filter that can be integrated into a single system. The 
large bandwidth signal is generated by using a soliton pulse propagating within a Kerr type nonlinear medium. The obtained 
results have shown the potential of using such system for broad band light source generation, amplification, storage and 
regeneration, whereas the amplified signals can be stored within a nano-waveguide, which is allowed to form the regeneration of 
the broad light spectra after amplification. The advantage is that the specific wavelength of the broadband source, for instance, 
1.50 Pm can provide the super dense wavelength division multiplexing channels, whereas the increasing in channel capacity of 
200 times is achieved. The use of super dense wavelength division multiplexing for large population monitoring and closed 
circuit television for security using the personnel wavelength carrier and networking is described and discussed in details. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
Nonlinear device is one of the target device that should be encouraged to research for the new era of device 
technology. The interesting results of the use of nonlinear device have been reported recently (Yupapin et al, 2008; 
Pornsuwancharoen and Yupapin, 2009), they have shown the interesting and promising results of using the 
nonlinear device known as a “nano-ring resonator” in various applications. Furthermore, the evidence of such a 
device using in the laboratory has also been reported (Su et al., 2007). Such a device is fabricated by using the 
nonlinear material called “InGaAsP/InP”, where the nonlinear refractive index value is one of the properties to 
obtain the good results. To begin this concept, we introduce the device known as a “ring resonator”, which is in the 
circular form or planar waveguide, where Yupapin and Pornsuwancharoen (Yupapin and Pornsuwanchroen, 2009) 
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have shown that the promising application is occurred when the ring radius is down to a micrometer or nanometer 
scale. For instance, the ultra fast switching can be easily generated by using a remarkably simple arrangement, 
where the generation of the switching time of attosecond and beyond is (Yupapin et al., 2007). The most interesting 
results is seen when light pulse can be slow down, stopped and stored within the nonlinear nano-waveguide 
(Yupapin and Pornsuwanchroen, 2009) where the signal amplification within the tiny device has shown the great 
successful.   
Closed circuit televisions(CCTV) have been widely used in many areas of applications(William, 2009; Davis, 
and Valentine, 2009; Jacobs, 1992; Thomas, 1992; and  Boulton, 1987), where one of them uses closed circuit 
television for surveillance(Klauser 2009; Welsh and Farrington,2004), especially, crime surveillance. Although, the 
CCTV technology is concreted and well established, the development is still required. In this paper, we present the 
technique that can be used to increase channel capacity, while the security is also installed. The advantages of the 
proposed system are (i) the system can provide the increasing channel capacity by using optical technique dense 
wavelength division multiplexing(DWDM) and (ii) the security concept can be provided by using the specific 
wavelength which is required the specific filter to retrieve the required signals( Joseph, 1997). This means that the 
human personnel privacy can be protected form the other parties, however, the specific case can be retrieved by 
using the known code, i.e. filter.  
In this paper, we propose two different results that can be used to form the broadband light source and store 
within the tiny device. Initially, a soliton pulse with center wavelength at 1.55 Pm is input into the novel system, 
whereas the selected pulse can be filtered, amplified and stored within the nano-waveguide. Firstly, the dense 
wavelength source can be formed by using the stored wavelength at 1.50 Pm, and secondly, it can be regenerated by 
using the stored wavelength at 0.50 Pm. The operation system can be used to analyze and describe the concept of 
broadband light source generation and regeneration, which is allowed to perform the tunable light source, whereas 
the light source with the specific wavelength can be selected, i.e. filtered and stored. In applications, the use of super 
DWDM for large population monitoring and CCTV for the personnel wavelength carrier and networking is also 
proposed. 
2. Operating principle 
Initially, the optimum energy is coupled into the waveguide by a lager effective core area device, i.e. ring 
resonator as shown in Fig. 1. Then the smaller ones are connected to form the storage unit. The filtering 
characteristic of the optical signal is presented within a ring resonator and an add/drop filter, where the suitable 
parameters can be controlled to obtain the required output spectra. To maintain the soliton pulse propagating within 
the ring resonator, the suitable coupling power into the device is required, whereas the interference signal is a minor 
effect compared to the loss associated to the direct passing through. A soliton pulse, which is introduced into the 
multi-stage micro ring resonators as shown in Figs. 1, the input optical field (Ein) of the bright soliton input is given 
by an Eq. (1).  
 
                                                                                                                                                 (1) 
 
 
Where A and z are the optical field amplitude and propagation distance, respectively. T is a soliton pulse 
propagation time in a frame moving at the group velocity, T = t-E1*z, where E1 and E2 are the coefficients of the 
linear and second order terms of Taylor expansion of the propagation constant.                    is the dispersion length 
of the soliton pulse. T0 in equation is a soliton pulse propagation time at initial input. Where t is the soliton phase 
shift time, and he frequency shift of the soliton is ω0. This solution describes a pulse that keeps its temporal width 
invariance as it propagates, and thus is called a temporal soliton. When a soliton peak intensity               is given, 
then     is known. For the soliton pulse in the micro ring device, a balance should be achieved between the dispersion 
length (LD) and the nonlinear length (LNL=1/*INL), where * = n2*k0, is the length scale over which dispersive or 
nonlinear effects makes the beam becomes wider or narrower. For a soliton pulse, there is a balance between 
dispersion and nonlinear lengths, hence 
When light propagates within the nonlinear material (medium), the refractive index (n) of light within the 
medium is given by 
                                                                                                                                               (2) 
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where   and   are the linear and nonlinear refractive indexes, respectively.n n I and P are the optical intensity
and optical power, respectively. The effective mode core area of the device is given by eff . For the micro ring and
nano ring resonators, the effective mode core areas range from 0.50 to 0.1 Pm
A
2 (Su et al., 2007), where they found
that fast light pulse can be slow down experimentally after input into the nano ring. 
When a soliton pulse is input and propagated within a micro ring resonator as shown in Fig.1, which consists of a
series micro ring resonators. The resonant output is formed, thus, the normalized output of the light field is the ratio
between the output and input fields (       and        ) in each roundtrip, which can be expressed as (Yupapin and
Suwancharoen, 2007). 
 
 
                                                                                                                                                  (3) 
 
 
The close form of equation (3) indicates that a ring resonator in the particular case is very similar to a Fabry-
Perot cavity, which has an input and output mirror with a field reflectivity, (1-N ), and a fully reflecting mirror. N is
the coupling coefficient, and  2/exp Lx D represents a roundtrip loss coefficient,                    and 
are the linear and nonlinear phase shifts, OS / k  is the wave propagation number in a vacuum. Where L and
D are a waveguide length and linear absorption coefficient, respectively. In this work, the iterative method is
introduced to obtain the results as shown in equation (3), similarly, when the output field is connected and input into
the other ring resonators. 
After the signals are multiplexed with the generated chaotic noise, then the chaotic cancellation is required by the
individual user. To retrieve the signals from the chaotic noise, we propose to use the add/drop device with the
appropriate parameters. This is given in details as followings. The optical circuits of ring-resonator add/drop filters
for the throughput and drop port can be given by equations (4) and (5), respectively (Pornsuwancharoen et al., 2009)
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Where Et and Ed represents the optical fields of the throughput and drop ports respectively. effknE  is the
propagation constant, effn  is the effective refractive index of the waveguide and the circumference of the ring is
2 L RS , here  is the radius of the ring. In the following, new parameters will be used for simplification: R  LI E
is the phase constant. The chaotic noise cancellation can be managed by using the specific parameters of the
add/drop device, which the required signals can be retrieved by the specific users. κ1and N2 are coupling coefficient
of add/drop filters, OS /2 nk  is the wave propagation number for in a vacuum, and where the waveguide (ring
resonator) loss is D = 0.5 dBmm-1. The fractional coupler intensity loss is J = 0.1. In the case of add/drop device, the
nonlinear refractive index is neglected. 
In operation, the large bandwidth signal within the micro ring device can be generated by using a soliton pulse
input into the nonlinear micro ring resonator. This means that the broadband light spectra can be generated after the
soliton pulse is input into the ring resonator system. The schematic diagram of the proposed system is as shown in
Fig. 1. A soliton pulse with 50 ns pulse width, peak power at 2 W is input into the system. The suitable ring
parameters are used, for instance, ring radii R1= 15.0 μm, R2= 10.0 μm, R3=Rs= 5.0 μm and R5=Rd= 20.0 μm as
shown in Fig. 1. In order to make the system associate with the practical device (Su et al., 2007), the selected
parameters of the system are fixed to O0 = 1.55 Pm, n0 = 3.34 (InGaAsP/InP), Aeff = 0.50, 0.25 Pm2 and 0.10 Pm2
for a micro ring and nano ring resonator, respectively, D = 0.5 dBmm-1, J = 0.1. The coupling coefficient (kappa, κ)
of the micro ring resonator ranged from 0.1 to 0.95. The nonlinear refractive index is n2=2.2 x 10-13 m2/W.  In this
case, the wave guided loss used is 0.5dBmm-1.  The input soliton pulse is chopped (sliced) into the smaller signals
spreading over the spectrum as shown in Figs. 2(b) and 3(b), which is shown that the large bandwidth signal is
generated within the first ring device. The biggest output amplification is obtained within the nano-waveguides
(rings R3 and R4) as shown in Figs. 2(d), 2(e), 2(f), 3(d), 3(e) and 3(f), whereas the maximum power of 10 W is
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obtained at the center wavelength of 1.50 and 0.50 Pm, respectively.  The coupling coefficients are given as shown 
in the figures. The coupling loss is included due to the different core effective areas between micro and nano ring 
devices, which is given by 0.1dB. 
 
 
 
Fig.1. A storage and tunable light source generation system, where Rs: ring radii, κs: coupling coefficients, N41 κ42: coupling losses κ61 and N61 
are the add/drop coupling coefficients. 
 
 
 
Fig.2. Results obtained with the storage wavelength at 0.50 Pm, where (a) input soliton, (b) ring R1, (c) ring R2, (d) ring R3, (e) storage ring 
(Rs), (f) ring R5, (g) and (h) drop port signals. 
 
 
Fig.3. Results obtained with the storage wavelength at 1.50 Pm, where (a) input soliton, (b) ring R1 and (c) ring R2, (d) ring R3, (e) 
storage ring (Rs), (f) ring R5, (g) and (h) drop port signals. 
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3. Personnel networking for health data 
The signals are generated by using Eq.(4), which can be electronically formed by the digital codes as the
following details. The quantitatively present logic coding can be expressed as 
                 
 
                                                                                                                                                  (6) 
 
 
 
For instance, when represents the logic states, v  is the signal power. The quantization and re-quantization
can be processed the similar transfer characteristics. We assume that the quantizing involved is infinite, which
means that the system input signal is never clipped by saturation of the quantizing. In this case, the corresponding
transfer functions of the quantizing output to its input can be expressed analytically in terms of the quantizing step
size. 
)(vu
The DNA coding creation can be processed as the followings: (i) the signals can be generated within a ring
resonator by controlling the optical input power which can be specified by the roundtrip number, i.e. time, (ii) to
start the DNA coding with the threshold power, where it is marked before averaging using least-square method, (iii)
the clipping signals is introduced, (iv) the DNA code generation is completed by using the approximation and
sampling methods. 
The first DNA codes generation is as shown in Fig. 4. The relationship between the output signals and roundtrips
is as shown in Fig. 4(a), the nonlinear behavior occurs when the roundtrips number is 10,000. Fig. 4(b) the encoding
roundtrips are from 8,900 – 8,950. Fig. 4(c) shows the clipping signals, 4(d) the clipping signals is performed by
using the least- squares method, and 4(e) the DNA codes is obtained using the approximation method, which the
logic code obtained is [GACCCCCCTGACCTGAGTGACCTGAGACC CCTGACCTGACCCTGACC TGAC],
which there are 50 logic codes, a roundtrip time is 10-12 sec. 
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Fig. 4.  Shows the DNA codes: [GACCCCCCTGACCTGAGTGACCTGAGACCCCTGACCTGACCCTGACCTGAC]. 
   
 
 
 
 
 
 
 
 
Fig. 5. A personal data transmission system. 
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In application, the tele/remote operation can be realized by using the dynamic optical tweezers, where the 
transmission of the stem cell or repairing cell can be transported from the world stock to any emergency operation 
location, while the cell identification can be linked by the individual DNA codes which can be recovered before 
being used in the specific operation.  In Fig. 6, the signals are generated by using the microring part, while the DNA 
codes are electronically performed by the encryption data. The signals are multiplexed and transmitted via either 
wire or wireless links to the required receivers. The transmitted signals are received and de-multiplexed, where the 
synchronously decryption to the encryption data is processed before the DNA codes being intercepted by the 
specific operation case. The use of super dense wavelength division multiplexing for large population monitoring 
using the personnel wavelength carrier and networking for health data and monitoring is described and discussed in 
detail in the presentation and full paper. 
4. CCTV camera operation 
In Fig. 6, below, the extended light source wavelengths can be used for DWDM, which can be used with the 
existed public networks, the higher channel capacity can also be obtained by using The smallest free spectrum range 
(FSR) modification and more available wavelength bands, for instance, from near to far infrared wavelength bands. 
The smallest FSR obtained is about 500 pm as shown in Figs. 2 and 3. The generated signals can be used as the 
modulated carrier that can be used to form the image transformation from the CCTV camera and computer server, 
while the synchronous link can be performed by the reference signal, therefore, the required image from the specific 
wavelength can be confirmed by the central controller. Furthermore, the non-dispersive wavelength (1.30 µm) can 
be extended and used to increase the communication capacity, moreover, the soliton pulse output power can be 
amplified, which can provide the power budget for long distance link. This can be used with the existed public 
network installation. Furthermore, the pumping part is not required in such a system. The new available wavelength 
bands can be use to form the new multi-layer protocol, where more communication capacity can be performed. In 
this case, the human privacy can be provided when the CCTV is operated. The required images can be viewed by 
the authorized person via the central controller (Computer server). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. A schematic of a CCTV system. 
5. Conclusion 
We have shown that a broadband light source at the specific center wavelength can be generated, stored and 
regenerated. The storage of broadband light source within a storage ring (Rs or R4) is achieved, which has also been 
confirmed by Yupapin and Pornsuwanchroen (Yupapin and and Pornsuwanchroen, 2009). The maximum stored power of 
20 W is obtained as shown in Fig. 3(d), where the average optical output power of 2.0 W is achieved via an 
add/drop filter as shown in Fig. 3(f). By using the generated wavelengths with high capacity, the health personal 
data can be transmitted via the wireless link, where the privacy of the personal data can be kept in secret by the 
DNA codes. Moreover, the security camera signal can be multiplexed with DNA codes and linked via the existed 
communication system for security requirements. 
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